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White Spot Syndrome Virus (WSSV) is now one of the most devastating and virulent viral agents threatening the penaeid shrimp
culture industry and has been responsible for serious economic losses for shrimp farms worldwide. One remarkable characteristic of
WSSV is its wide reservoir range, which contributes to its wide geographical distribution. Among epizootiological surveys, there is sub-
stantial evidence for WSSV-positive copepods found in shrimp farming ponds. Therefore, copepods are suspected to be the vector of
WSSV. In the present study, nested-PCR analysis showed positive results in the harpacticoid copepod Nitocra sp. exposed to WSSV
by virus–phytoplankton adhesion route. Oral route and intramuscular injection were used to test the pathogenicity of WSSV isolated
from the WSSV-positive Nitocra sp. For the oral route of infection, Marsupenaeus japonicus postlarvae were fed with WSSV-positive
copepods. The shrimp postlarvae in the infected treatment became WSSV-positive and occurred 52.50 ± 5.00% mortality which was sig-
nificant higher (P < 0.05) than that in the control treatment (20.00 ± 0.00%) when postlarvae were fed with WSSV free copepods. In the
intramuscular injection challenge, M. japonicus juveniles were injected with the copepods inoculum extracted from the WSSV-positive
Nitocra sp., and showed 72.50 ± 9.57% mortality which was also significant higher (P < 0.05) than that in the control treatment
(22.50 ± 5.00%) when juveniles were received mock injection of a tissue homogenate prepared from WSSV-negative Nitocra sp. Based
on these laboratory challenge studies, it was confirmed that the copepods can serve as a vector in WSSV transmission.
 2007 Elsevier Inc. All rights reserved.
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Though penaeid shrimp farming has undergone rapid
development world-wide during last four decades, success-
ful production has been hampered by viral diseases since
1993. Of these viral diseases, White Spot Syndrome
(WSS) is one of the most devastating viral diseases affecting
most of the commercially cultivated penaeid shrimp spe-
cies. The first outbreak attributed to the WSS virus was
reported in farmed Marsupenaeus japonicus in Japan in
1993 (Inouye et al., 1994; Momoyama et al., 1994, 1995;0022-2011/$ - see front matter  2007 Elsevier Inc. All rights reserved.
doi:10.1016/j.jip.2007.06.004
* Corresponding author. Fax: +86 532 82032799.
E-mail address: dongsl@mail.ouc.edu.cn (S.L. Dong).Nakano et al., 1994), and adequate attention since then
has been paid to the virus as a result of the large-scale mor-
tality (100% cumulative mortalities can be reached within
3–10 days under farming conditions) and severe economic
losses associated with it (Chou et al., 1995; Lightner, 1996;
Lightner et al., 1998). WSS in penaeid shrimp is character-
ized by inclusions or spots on the cuticle, sometimes
accompanied by an overall red coloration of the body.
The virus was recently assigned to Whispovirus (genus)
within a new virus family, the Nimaviridae (van Hulten
et al., 2001; Mayo, 2002; Vlak et al., 2004).
The WSSV has a wide reservoir range, including cope-
pods, shrimp, crayfish, crab, lobster, freshwater crab and
prawns. This peculiar characteristic has contributed to its
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1995; Lo et al., 1996a, b, 1997, 1998; Peng et al., 1998;
Chou et al., 1998; Maeda et al., 1998; Wang et al., 1998;
Chen et al., 2000; Liu et al., 2000; Sahul Hameed et al.,
2001, 2002, 2003; Musthaq et al., 2006).
Although it has been suspected for over 10 years that
copepods are the host or vector of WSSV (Huang et al.,
1995; Lo et al., 1996a; He et al., 1999; Liu et al., 2000),
presently there is no definitive bioassay evidence that cope-
pods are a vector for WSSV. Therefore, the objective of the
present study is to assess the possibility that copepods
could serve as a vector in WSSV transmission.
2. Materials and methods
2.1. Test organisms
2.1.1. Harpacticoid copepod Nitocra sp.
The harpacticoid copepod Nitocra sp. was originally col-
lected from penaeid shrimp farming ponds from Qingdao,
PR China in 2004. Since then, this species has been cul-
tured in tanks filled with sterile seawater maintained at
20 C (salinity 32 ppt). The population was fed a daily
ration of the two species of algae (Isochrysis zhanjiangensis
and Platymonas subcordiformis in the ratio of 3:1) to give a
final algal density of 20,000 cells ml1 in the stock culture
tanks.
Prior to the onset of the current study, representative
samples of the population were analyzed for WSSV using
nested-PCR to ensure they were virus-free (Kong et al.,
2003).
2.1.2. Penaeid shrimp
Postlarvae and juveniles of the penaeid shrimp M. japo-
nicus were obtained from a hatchery at Rongcheng, Shang-
dong Province, PR China.
The postlarvae PL 10 (0.002–0.003 g) were maintained
in 50-L tanks filled with aerated natural seawater at
23 C (salinity 32 ppt), and fed three times daily with
WSSV-negative Artemia nauplii.
The juvenile shrimps (1.8–2 g) were kept in two 300-L
fiber glass tanks in the laboratory and fed ad libitum twice
a day with a commercial pellet feed at a rate of 5% body
weight day1.
Prior to the experiments, the shrimps were acclimatized
to 25 ± 2 C, and were randomly selected and diagnosed
WSSV free by nested-PCR using the primers designed by
Kong et al. (2003).
2.2. Preparation of WSSV inoculum
The WSSV inoculum was prepared as described previ-
ously (Vidal et al., 2001). In brief, soft tissue (400 g) from
the cephalothorax and muscle of naturally WSSV-infected
Fenneropenaeus chinensis was homogenized in 0.9% NaCl
(1 g tissue/10 ml 0.9% NaCl). The homogenate was centri-
fuged at 6000g for 15 min at 4 C, and its supernatant wasre-centrifuged at 10,000g for 20 min at 4 C before the final
supernatant was filtered through a 0.2-lm membrane filter.
Aliquots were transferred to 50-ml plastic centrifuge tubes
and then stored at 80 C. Before storage, the presence of
WSSV in the tissue sample and the final supernatant fluid
was determined by a nested-PCR assay (Kong et al., 2003).
2.3. Preparation of harpacticoid copepod Nitocra sp.
inoculum
Approximately 200 WSSV-positive or negative harpacti-
coid copepods were filtered through a 100-lm screen and
washed thoroughly with 0.9% NaCl before being trans-
ferred to 1.5-ml microfuge tubes. The inoculum was pre-
pared as previously described (Vidal et al., 2001).
2.4. Infectivity experiment
2.4.1. Challenge of WSSV with the harpacticoid copepod
Nitocra sp.
The first challenge study was the infectivity experiment
of WSSV in harpacticoid copepod Nitocra sp., which
comprised of two experimental treatments: test and neg-
ative control (10 replicates each). In each replicate, cope-
pods (1 individual 10 ml1) were kept in a 20-L
aquarium containing sterile seawater. The quaria of each
treatment were kept separated in two illuminated incuba-
tors (20 C, 12-h photoperiod) in order to prevent cross-
contamination.
In the test treatment, copepods were exposed to WSSV
by the virus–phytoplankton adhesion route, described pre-
viously by Zhang et al. (2006). In short, a mixed algal solu-
tion of I. zhanjiangensis (1500 ml) and P. subcordiformis
(500 ml) were first mixed with 300 ml of the viral inoculum
for 0.5-h, and then divided into 10 aliquots to feed to the
copepods in each replicate aquarium. The copepods were
fed daily at 08:00 until all challenge experiments were com-
pleted. On Day 6, 10–15 animals from each replicate aquar-
ium of the test treatment were filtered through a 100-lm
screen, and rinsed three times with sterile seawater before
transferred to a fresh 50-ml beaker containing 40 ml of
sterile seawater. The animals were left to starve for 24 h
before assayed for WSSV infection.
The control copepods were treated in the same manner
as the test treatment, except the algal feeding solution
was first mixed with 0.9% NaCl instead of the WSSV
inoculum.
2.4.2. Infection of M. japonicus postlarvae via the oral route
with the WSSV-positive harpacticoid copepod Nitocra sp.
Infection of M. japonicus postlarvae by WSSV-positive
harpacticoid copepod Nitocra sp. prey consisted of four
treatments: two negative controls (NCO, NSO), one posi-
tive control (PSO) and one infected treatment (PCO). Each
treatment was carried out in four replicates. In each repli-
cate, 10 M. japonicus postlarvae were individually accli-
mated in a l-L beaker with 900 ml sterile seawater. The
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Replicates of each treatment were kept separated in four
illuminated incubators (25 C, 12-h photoperiod) in order
to prevent the cross-contamination. The shrimp postlarvae
were fed twice a day at 08:00 and 18:00. The experiment
lasted 15 days, upon which the postlarvae were left to
starve for 24 h before sampling.
In the negative control treatment NCO (NCO treatment),
the postlarvae were fed with WSSV-negative copepods at a
density of 1 individual per 2 ml. In the PCO treatment, the
postlarvae were treated in the same manner as the organisms
in the NCO treatment, except that they were fed with WSSV-
positive copepods. To prevent the accidental transfer of
WSSV from the medium in which the WSSV-positive cope-
pods were reared, the copepods were filtered through a
100-lm screen, rinsed three times on the screen with sterile
seawater, and starved for 24 h in sterile seawater.
In the negative control NSO treatment the shrimp were
fed with minced meat from WSSV-negative F. chinensis at a
rate of 5% body weight day1. The shrimp serving as posi-
tive control (PSO treatment) were fed with minced meat
from WSSV-infected F. chinensis at the same rate and fre-
quency as the NSO treatment.
The postlarvae were examined twice a day before the
feeding. Dead postlarvae were removed when observed
and cumulative mortality was calculated. Mortalities were
analyzed using the Analysis of Variance (ANOVA) follow-
ing software SPSS 11.0.
2.4.3. Infection of M. japonicus juveniles via the
intramuscular injection with WSSV-positive harpacticoid
copepod Nitocra sp. inoculum
In the third challenge study, the juveniles (M. japonicus)
were infected with WSSV by an intramuscular injection
(Yan et al., 2007). The challenge study comprised of four
experimental treatments: PCI treatment served as the test
treatment, whereas NCI treatment and NNI treatment were
the negative controls, and PSI treatment served as the posi-
tive control (each consisting of four replicates). In each rep-
licate, 10 juvenile shrimp were kept in a 50-L fiber glass tank.
The experimental shrimp of PCI treatment were inoculated
intramuscularly in the dorso–lateral aspect of the fourth
abdominal segment with an inoculum (50 ll per animal)
prepared from the WSSV-positive harpacticoid copepods,
whereas shrimp in PSI treatment were injected with a WSSV
inoculum (50 ll per animal). The WSSV inoculum was
diluted 1:100 with 0.9% NaCl prior to inoculation. Shrimps
in the NCI and NNI treatments received mock injections of
inoculum prepared from WSSV-negative harpacticoid cope-
pods and 0.9% NaCl, respectively. All of the shrimp were fed
twice a day at 08:00 and 18:00 with a commercial pellet feed
at a rate of 5% body weight day1. The rearing seawater was
changed 70% daily before the morning feeding.
The animals were examined twice a day before the feed-
ing. Dead postlarvae were removed when observed. Cumu-
lative mortality was calculated and analyzed as described
above.2.5. Molecular diagnosis of WSSV infection
The two sets of primer sequences used in the present
work were previously reported by Kong et al. (2003). The
expected size of the amplified fragment was 1221 bp for
the one-step PCR reaction and 982 bp for the nested-
PCR reaction. The PCR amplification for the one-step
and nested-PCR reactions was carried out in a 25 ll reac-
tion mixture containing 1 ll template DNA, 2.5 ll 10·
Taq buffer (10 mM Tris–HCl pH 9.0, 50 mM KCl, 0.1%
Triton X-100), 1.5 mM MgCl2, 15 mM each primer,
200 mM of dATP, dGTP, dCTP and dTTP, 2.5 U Taq
polymerase (Promega, Shanghai) and sterile double-dis-
tilled de-ionized water to make up the final volume. Ampli-
fication was carried out in a Mastercyler thermocycler
(Eppendorf, Germany), with an initial denaturation step
at 94 C for 5 min and 30 cycles of 94 C 40 s, 58 C 40 s,
72 C 2 min, and a final extension at 72 C for 10 min. Fol-
lowing this, an aliquot of the PCR product was analyzed
by 1.0% agarose gel electrophoresis stained with ethidium
bromide. The gel was then visualized under UV light and
photographed.
Samples that tested negative by one-step PCR were sub-
jected to the nested-PCR using 1 ll of the one-step ampli-
fied product as a DNA template.
2.6. DNA extraction
Template DNA for the PCR assays was prepared by
extracting DNA from the harpacticoid copepod Nitocra
sp. (10–15 live ones), M. japonicus postlarvae (three dead
ones) and gill tissues of juvenile shrimps (two dead ones)
following the method described by Wang et al. (2000).
Materials were fixed in SEMP–Tris (10 mM Tris–HCl,
70 mM EDTA, 1% SDS, 0.5% mercaptoethanol, phenol
saturated, pH 8.0), boiled and extracted via ethanol precip-
itation. Dried DNA was dissolved with Tris–ethylenedi-
aminetetraacetic acid (TE) (pH 8.0) buffer.
3. Results
3.1. Detection of WSSV in experimentally infected
harpacticoid copepod Nitocra sp.
Nested-PCR was positive only for the animals exposed
to WSSV by the virus–phytoplankton adhesion route. No
positive results occurred in the control treatment (Fig. 1).
One-step PCR analysis could not detected WSSV DNA
in the copepods.
3.2. Infectivity of M. japonicus postlarvae exposed to
WSSV when fed with WSSV-positive harpacticoid
copepod Nitocra sp.
The WSSV caused 52.50 ± 5% mortality in the test
treatment (PCO) in which M. japonicus postlarvae were
fed with WSSV-positive harpacticoid copepods in the
Fig. 3. WSSV DNA detected by nested-PCR in Marsupenaeus japonicus
exposed to WSSV by the oral route. (a) Results of one-step PCR. (b)
Results of nested-PCR. Lane M: marker; Lane P: positive control; Lane
N: negative control; Lanes 1–4: M. japonicus postlarvae were fed with the
WSSV-negative harpacticoid copepod Nitocra sp. (Treatment NCO);
Lanes 5–8: M. japonicus postlarvae were fed with minced meat of WSSV-
negative penaeid shrimp (Treatment NSO); Lanes 9–12: M. japonicus
postlarvae were fed with the WSSV-positive harpacticoid copepod Nitocra
sp. (Treatment PCO); Lanes 13–16: M. japonicus postlarvae were fed with
minced meat of WSSV-infected penaeid shrimp (Treatment PSO). Note.
Sample No. 14 (tested one-step PCR positive) not subjected for nested-
PCR.
Fig. 1. WSSV DNA detected by nested-PCR in the harpacticoid copepod
Nitocra sp. exposed to WSSV by virus–phytoplankton adhesion route.
Lane M: marker; Lane P: positive control; Lane N: negative control;
Lanes 1–10: Nitocra sp. in the negative control treatment; Lanes A–J:
Nitocra sp. in the test treatment in which the animals were exposed to
WSSV by virus–phytoplankton adhesion route.
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mortality in the negative control treatment (NCO) was
only 10.00 ± 14.14% due to artificial operation or natural
mortality when the postlarvae were fed with WSSV-neg-
ative copepods. The cumulative mortality in the PCO
treatment was significantly higher than that of the
NCO treatment (P < 0.05). The WSSV caused
75.00 ± 12.91% mortality in the positive control (PSO
treatment) when the animals were exposed to minced
meat of WSSV-infected F. chinensis. The mortality in
the negative control (NSO treatment) was 20.00 ± 0%
when the postlarvae were fed with minced meat of
WSSV-negative shrimp. There was a significant difference
between the mortalities of the PSO and NSO treatments
(P < 0.05).
The samples from the PCO and PSO treatments tested
positive for the presence of WSSV DNA by nested-PCR,
whereas all samples from the NCO and NSO treatments
were negative (Fig. 3). Of the samples from the PSO treat-
ment, one was one-step PCR positive while three were
nested-PCR positive. All samples from the PCO treatment
were nested-PCR positive.Fig. 2. Cumulative percentage mortality of Marsupenaeus japonicus
postlarvae exposed to WSSV by the oral route. —m— NCO: M. japonicus
postlarvae were fed with the WSSV-negative harpacticoid copepod
Nitocra sp.; —h— NSO: M. japonicus postlarvae were fed with minced
meat of WSSV-negative penaeid shrimp; —n— PCO: M. japonicus
postlarvae were fed with the WSSV-positive harpacticoid copepod Nitocra
sp.; —x— PSO: M. japonicus postlarvae were fed with minced meat of
WSSV-infected penaeid shrimp.3.3. Infectivity of M. japonicus juveniles exposed to WSSV
via the intramuscular injection with inoculum prepared from
the WSSV-positive harpacticoid copepod Nitocra sp.
The WSSV caused 72.50 ± 9.57% mortality in the PCI
treatment in which M. japonicus juveniles were injected
with an inoculum prepared from the WSSV-positive harp-
acticoid copepod Nitocra sp. during the 20-day experimen-
tal period (Fig. 4). The percent mortality in the NCI
treatment was 22.50 ± 5.00% when the juveniles received
mock injection of the inoculum prepared from WSSV-neg-
ative Nitocra sp. The cumulative mortality in the PCI treat-
ment was significantly higher than that of the NCIFig. 4. Cumulative percentage mortality of Marsupenaeus japonicus
juveniles exposed to WSSV by intramuscular injection. —x— PCI: M.
japonicus juveniles were injected with an inoculum prepared from the
WSSV-positive harpacticoid copepod Nitocra sp.; —n— PSI: M. japonicus
juveniles were injected with WSSV inoculum; —m— NCI: M. japonicus
juveniles received a mock injection of the inoculum prepared from WSSV-
negative Nitocra sp.; —h— NNI: M. japonicus juveniles received a mock
injection of 0.9% NaCl.
Fig. 5. WSSV DNA detected by PCR in M. japonicus juveniles exposed to
WSSV by intramuscular injection. (a) Results of one-step PCR. (b) Results
of nested-PCR. Lane M: marker; Lane P: positive control; Lane N:
negative control; Lanes 1–4: Juveniles from the NCI treatment in which
M. japonicus juveniles received a mock injection of the inoculum prepared
from WSSV-negative Nitocra sp.; Lanes 5–8: Juveniles from the NNI
treatment in which the juveniles received a mock injection of 0.9% NaCl;
Lanes 9–12: Juveniles from the PSI treatment in which M. japonicus
juveniles received an intramuscular injection containing the WSSV
inoculum; Lanes 13–16: Juveniles from the PCI treatment in which M.
japonicus juveniles were injected with the inoculum prepared from the
WSSV-positive harpacticoid copepod Nitocra sp. Note. Sample Nos. 9–16
(tested one-step PCR positive) not subjected for nested-PCR.
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the WSSV inoculum, the PSI treatment mortality reached
100 ± 0% by Day 7. The mortality in the PSI treatment
was significantly higher (P < 0.05) than that (15 ± 5.77%)
of the NNI treatment in which the juveniles received a
mock injection of 0.9% NaCl.
The samples from the PCI and PSI treatment tested
positive for the presence of WSSV by one-step PCR,
whereas all samples from the NCI and NNI treatments
yielded negative results with the nested-PCR (Fig. 5).
4. Discussion
Live feed organisms play an important role in the
dietary regiment of larval shrimp, both in hatcheries
and farming ponds. Therefore, it is generally suggested
that live feed organisms should be cultured in farming
ponds before shrimp postlarvae are stocked in. The
principal categories of the live feed animals found in
seawater ponds belong to rotifers, copepods, worms,
mollusks, aquatic insects and so on. Reymond and Lag-
ardère (1990) found harpacticoid copepods to be numer-
ically predominant in the stomachs of M. japonicus
postlarvae during the first month of rearing after
stocked in ponds. Similar results were observed in
F. chinensis postlarvae (Sun et al., 1995, 1997). For this
reason, the harpacticoid copepod in the present study
was chosen to investigate the role of copepods in WSSV
transmission.In the first challenge study, harpacticoid copepod was
successfully infected with the WSSV using the virus–phyto-
plankton adhesion route (Fig. 1). These results confirmed
the finding that phytoplankton can carry WSSV that have
dissociated from infected animals. This implies that filter
feeders, especially zooplankton, can accumulate WSSV
when ingesting phytoplankton carrying WSSV particles.
The results of this study indicated that the filter feeding
mode of nutrition of harpacticoid copepods is responsible
for facilitating WSSV transmission in these animals
(Fig. 1). Similar results were obtained for rotifers (Zhang
et al., 2006).
In 1994, Huang et al. (1995) carried out an epizootiolog-
ical survey from May to July in shrimp ponds in Shang-
dong and Liaoning provinces (PR China) where WSSV
first appeared in 1993. Their survey indicated that WSSV
prevalence was higher in live copepods (60%) than in
shrimps (52%) using an ELISA test. Furthermore, the virus
appeared in live copepods 20–40 days earlier.
Similar results were also obtained in our epizootiologi-
cal survey from May to October in 2003 in three shrimp
ponds that were plagued by the WSSV since 1993. Of 48
copepod specimens sampled from these ponds on May
14, 18 individuals (37.5%) tested WSSV-positive using the
PCR-dot-blot hybridization method. After the first sample
period, the shrimp postlarvae were kept in ponds until the
end of May. Since this time, samples were taken every
month to survey the prevalence of WSSV. The survey
results showed that the WSSV prevalence in copepods
was over 60% from June to October. The highest preva-
lence (85.7%) was detected in August after WSS occurred.
In addition, previous work found the receptor for
WSSV on the cell membrane of the calanoid copepod Acar-
tia clausi, providing further evidence that the copepod is
the WSSV host (Feng et al., 2005).
In the present study, WSSV-positive harpacticoid cope-
pods which were exposed to WSSV by the virus–phyto-
plankton adhesion route caused high mortalities in M.
japonicus postalarvae and juveniles when exposed to the
virus through the oral route and intramuscular injection,
respectively (Figs. 2 and 4). These mortalities support our
hypothesis that there is a correlation of WSS and its sus-
pect vector—copepods.
It has been well demonstrated that copepods serve
vector to the causative agent of cholera, Vibrio cholerae
(Huq and Colwell, 1996). The studies of Sochard et al.
(1979) and Huq et al. (1983) indicated that copepods
carry V. cholerae on their body surface, in their gut
and on their egg sac surface, and V. cholerae survival
can be enhanced when live copepods are present. Fur-
thermore, it is well recognized that outbreaks of epidemic
cholera and copepod blooms in the natural aquatic envi-
ronment are correlated. Compared with the findings of
the association of V. cholerae with copepods, more evi-
dence is required to establish the correlation between
the incidence of WSS and the presence of copepods in
shrimp rearing ponds.
38 J.S. Zhang et al. / Journal of Invertebrate Pathology 97 (2008) 33–39In summary, the results of this study demonstrated that
copepods can serve as a vector in the WSSV transmission
via the oral route. Further work is needed to determine
whether WSSV can propagate between copepod species.
Acknowledgments
Funding for this research was provided by NSFC
Project (30371111), the 11th National Five Year Major
Program (2006BAD09A07). We thank Prof. Jie Hang for
providing the WSSV-infected shrimp. Draft revisions by
Mr. David Semeniuk and Prof. Jian Guo are gratefully
acknowledged.
References
Chen, L., Lo, C.F., Chiu, Y.L., Chen, F.C., Kou, G.H., 2000. Experi-
mental infection of white spot syndrome virus WSSV in benthic larvae
of mud crab Scylla serrata. Dis. Aquat. Org. 40, 157–161.
Chou, H.Y., Huang, C.Y., Lo, C.F., Kou, G.H., 1998. Studies on
transmission of white spot syndrome associated baculovirus (WSBV)
in Penaeus monodon and P. japonicus via waterborne contact and oral
ingestion. Aquaculture 164, 263–276.
Chou, H.Y., Huang, C.Y., Wang, C.H., Chiang, H.C., Lo, C.F., 1995.
Pathogenicity of a baculovirus infection causing white spot syndrome
in culture penaeid shrimp in Taiwan. Dis. Aquat. Org. 23, 165–173.
Feng, S.Y., Huang, J., Zhang, S.C., 2005. Binding research between cell
membrane of copepod and WSSV. J. Fish. Sci. China 12, 458–464, in
Chinese with English abstract.
He, J.G., Zhou, H.M., Yao, B., Yang, X.M., Deng, M., 1999. White spot
syndrome baculovirus (WSBV) host range and transmission route.
Acta Sci. Nat. Univ. Sunyatseni. 38, 65–69, in Chinese with English
abstract.
Huang, J., Yu, J., Wang, X.H., Song, X.L., Ma, C.S., Zhao, F.Z., Yang,
C.H., 1995. Survey on the pathogen and route of transmission of
baculoviral hypodermal and hematopoietic necrosis in shrimp by
ELISA of monoclone antibody. Mar. Fish. Res. 16, 40–50, in Chinese
with English abstract.
Huq, A., Small, E.B., West, P.A., Huq, M.I., Rahman, R., Colwell, R.R.,
1983. Ecological relationships between Vibrio cholerae and planktonic
crustacean copepods. Appl. Environ. Microbiol. 45, 275–283.
Huq, A., Colwell, R.R., 1996. Environmental factors associated with
emergence of disease with special reference to cholera. East Medit.
Heal. J. 2, 37–45.
Inouye, K., Miwa, S., Oseko, N., Nakano, H., Kimura, T., 1994. Mass
mortalities of cultured kuruma shrimp, Penaeus japonicus, in Japan in
1993: electron microscopic evidence of the causative virus. Fish.
Pathol. 29, 149–158.
Kong, J., Liu, P., Shi, T., Xiang, J.H., 2003. A baculovirus DNA fragment
sequncing from Penaeus chinensis. Acta Oceanol. Sin. 25, 186–189, in
Chinese with English abstract.
Lightner, D.V., 1996. A Handbook of Pathology and Diagnostic
Procedures for Diseases of Penaeid Shrimp. World Aquaculture
Society, Baton Rouge, LA.
Lightner, D., Hason, K., White, B., Redman, R., 1998. Experimental
infection of western hemisphere penaeid shrimps with Asian white spot
syndrome virus and Asian yellow head virus. J. Aquat. Anim. Health
10, 271–281.
Liu, P., Kong, J., Meng, X.H., Liu, Z.H., Li, J., 2000. Investigation of the
transmission route during the artificial culture of shrimp with the white
spot syndrome virus. Mar. Fish. Res. 21, 9–12, in Chinese with English
abstract.
Lo, C.F., Chang, Y.S., Cheng, C.T., Kou, G.H., 1998. PCR monitoring of
cultured shrimp for white spot syndrome virus (WSSV) infection in
grow out ponds. In: Flegel, T.W. (Ed.), Advances in ShrimpBiotechnology. National Center for Genetic Engineering and Biotech-
nology, Bangkok, pp. 281–286.
Lo, C.F., Ho, C.H., Chen, C.H., Liu, K.F., Chiu, Y.L., Yeh, P.Y., Peng,
S.E., Hsu, H.C., Liu, H.C., Chang, C.F., Su, M.S., Wang, C.H., Kou,
G.H., 1997. Detection and tissue tropism of white-spot syndrome
baculovirus (WSBV) in captures brooders of Penaeus monodon with a
special emphasis on reproductive organs. Dis. Aquat. Org. 30, 53–72.
Lo, C.F., Ho, C.H., Peng, S.E., Chen, C.H., Hsu, H.C., Chiu, Y.L., Chang,
C.F., Liu, K.F., Su, M.S., Wang, C.H., Kou, G.H., 1996a. White spot
syndrome baculovirus (WSBV) detected in cultured and captured
shrimp, crabs and other arthropods. Dis. Aquat. Org. 27, 215–225.
Lo, C.F., Leu, J.H., Ho, C.H., Chen, C.H., Peng, S.E., Chen, Y.T., Chou,
C.M., Yeh, P.Y., Huang, C.J., Chou, H.Y., Wang, C.H., Kou, G.H.,
1996b. Detection of baculovirus associated with white spot syndrome
(WSBV) in penaeid shrimps using polymerase chain reaction. Dis.
Aquat. Org. 25, 133–141.
Maeda, M., Itami, T., Furumoto, A., Hennig, O., Imamura, T., Kondo,
M., Hirono, I., Aoki, T., Takahashi, Y., 1998. Detection of penaeid
rod-shaped DNA virus (PRDV) in wild-caught shrimp and other
crustaceans. Fish Pathol. 33, 373–380.
Mayo, M.A., 2002. A summary of taxonomic changes recently approved
by ICTV. Arch. Virol. 147, 1655–1656.
Momoyama, K., Hiraoka, M., Nakano, H., Koube, H., Inouye, K.,
Oseko, N., 1994. Mass mortalities of cultured kuruma shrimp, Penaeus
japonicus, in Japan in 1993: histopathological study. Fish Pathol. 29,
141–148.
Momoyama, K., Hiraoka, M., Inouye, K., Kimura, T., Nakano, H., 1995.
Diagnostic techniques of the rod-shaped nuclear virus infection in the
kuruma shrimp, Penaeus japonicus.. Fish Pathol. 30, 263–269.
Musthaq, S.S., Sudhakaran, R., Balasubramanian, G., Sahul Hameed,
A.S., 2006. Experimental transmission and tissue tropism of white spot
syndrome virus (WSSV) in two species of lobsters, Panulirus homarus
and Panulirus ornatus. J. Invertebr. Pathol. 93, 75–80.
Nakano, H., Kuobe, H., Umezawa, S., Momoyama, K., Hiraoka, M.,
Inouye, K., Oseko, S., 1994. Mass mortalities of cultured Kuruma
shrimp Penaeus japonicus in Japan in 1993: epizootiological survey and
infection trials. Fish Pathol. 29, 135–139.
Peng, S.E., Lo, C.F., Ho, C.H., Chang, C.F., Kou, G.H., 1998. Detection
of white spot baculovirus (WSBV) in giant freshwater prawn,
Macrobrachium rosenbergii, using polymerase chain reaction. Aqua-
culture 164, 253–262.
Reymond, H., Lagardère, J.P., 1990. Feeding rhythms and food of P.
japonicus Bate (Crustacae) in salt water ponds: role of halophilic
entomofauna. Aquaculture 84, 125–143.
Sahul Hameed, A.S., Balasubramanian, G., Musthaq, S.S., Yoganand-
han, K., 2003. Experimental infection of twenty species of Indian
marine crabs with white spot syndrome virus (WSSV). Dis. Aquat.
Org. 57, 157–161.
Sahul Hameed, A.S., Murthi, B.L.M., Rasheed, M., Sathish, S., Yoga-
nandhan, K., Murugan, V., Jayaraman, K., 2002. An investigation of
Artemia as a possible vector for white spot syndrome virus (WSSV)
transmission to Penaeus indicus. Aquaculture 204, 1–10.
Sahul Hameed, A.S., Yoganandhan, K., Sathish, S., Rasheed, M.,
Murugan, V., Jayaraman, K., 2001. White spot syndrome virus WSSV
in two species of freshwater crabs Paratelphusa hydrodomous and P.
pulvinata. Aquaculture 201, 179–186.
Sochard, M.R., Wilson, D.F., Austin, B., Colwell, R.R., 1979. Bacteria
associated with the surface and gut of marine copepods. Appl.
Environ. Microbiol. 37, 750–759.
Sun, X.T., Ma, C.S., Li, J., Zhao, F.Z., 1997. Prey selection and relation
to the growth of Penaeus chinensis. Mar. Fish. Res. 18, 21–27, in
Chinese with English abstract.
Sun, X.T., Li, J., Ma, C.S., Zhao, F.Z., 1995. Studies on the prey ability
and selection of several shrimp-pond invertebrates by Penaeus chin-
ensis. Mar. Sci. 3, 1–4, in Chinese with English abstract.
van Hulten, M.C., Witteveldt, J., Peters, S., Kloosterboer, N., Tarchini, R.,
Fiers, M., Sandbrink, H., Lankhorst, R.K., Vlak, J.M., 2001. The white
spot syndrome virus DNA genome sequence. Virology 286, 7–22.
J.S. Zhang et al. / Journal of Invertebrate Pathology 97 (2008) 33–39 39Vidal, O.M., Granja, C.B., Aranguren, F., Brock, J.A., Salazar, M., 2001.
A profound effect of hyperthermia on survival of Litopenaeus vannamei
juveniles infected with white spot syndrome virus. J. World Aquacult.
Soc. 32, 364–372.
Vlak, J.M., Bonami, J.R., Flegel, T.W., Kou, G.H., Lightner, D.V., Lo,
C.F., Loh, P.C., Walker, P.W., 2004. Nimaviridae. In: Fauquet, C.M.,
Mayo, M.A., Maniloff, J., Desselberger, U., Ball, L.A. (Eds.), VIIIth
Report of the International Committee on Taxonomy of Viruses.
Elsevier, Amsterdam, pp. 187–192.
Wang, Y.C., Lo, C.F., Chang, P.S., Kou, G.H., 1998. Experimental
infection of white spot baculovirus in some cultured and wild decapods
in Taiwan. Aquaculture 164, 221–231.Wang, K., Shi, C.Y., Huang, J., 2000. The comparison of
different methods of DNA extracting applied in PCR
detection of hypodermal and hematopoietic necrosis baculovi-
rus. Mar. Fish. Res. 21, 8–12, in Chinese with English
abstract.
Yan, D.C., Dong, S.L., Huang, J., Zhang, J.S., 2007. White spot
syndrome virus (WSSV) transmission from rotifer inoculum to
crayfish. J. Invertebr. Pathol. 94, 144–148.
Zhang, J.S., Dong, S.L., Tian, X.L., Dong, Y.W., Liu, X.Y., Yan, D.C.,
2006. Studies on the rotifer ( Brachionus urceus Linnaeus, 1758) as a
vector in white spot syndrome virus (WSSV) transmission. Aquacul-
ture 261, 1181–1185.
